Background: Infective valve endocarditis (IE) is associated with significant mortality and complication rates. The diagnosis impacts not only the prognosis but also the management of the disease. The aim of this article is to show the findings obtained from the implementation of our most important diagnostic tools and discuss our standard diagnostic process for patients with IE who underwent surgical treatment between 1994 and 2017.
Introduction
Infective valve endocarditis (IE) is associated with high mortality and complication rates (1, 2) . Its long treatment and in some cases, the management of complications such as neurologic dysfunction or large septic spleen embolism followed by a splenectomy, has significant costs to the healthcare system (3) .
Early diagnosis and treatment can prevent the most negative consequences (4), but prompt diagnosis remains a challenge, mainly because of the difficulties in identifying the disease due to the wide and sometimes unspecific clinical presentations. This affects the time in which a patient is referred to appropriate specialists to treat the disease, causing delays in treatment, which is often associated with advanced infection and higher mortality and morbidity (4, 5) .
Uncontrolled local infection, large vegetations with high risk of embolism, and heart valve failure are the main indications for surgery (6) . In such cases of advanced disease, it is essential to thoroughly investigate patients with a variety of diagnostic tools; this full evaluation will directly impact decision making and management of these complicated patients and afford valuable prognostic information.
This article aims to present findings from our implementation of important diagnostic tools and discuss the diagnostic process for patients with IE who underwent surgical treatment in our institution between 1994 and 2017.
Methods
Between December 1994 and January 2017 a total of 2,458 consecutive patients with IE underwent surgery at our institution. IE was defined according to the modified Duke criteria (7) and the indication for surgery was guided by the European Society of Cardiology (ESC) guidelines for infective Endocarditis (6) . For this single-center retrospective study, we analyzed clinical, microbiological, echocardiographic, and multi slice computer tomographic (MSCT) features using IBM™ SPSS Statistics Version 20.0.0.
The differences were tested using a Chi square test as appropriate for binomial/multinomial data. A P value of <0.05 was considered statistically significant.
Results
Over the study period a total of 2,458 patients with IE underwent surgical treatment in our institution. The mean age was 62 years old and 30% were women. The mean left ventricle ejection fraction (LVEF) was 55%; in one third of the cases it was less than 50% and in almost 10% of cases it was less than 30%. Patient characteristics are described in Table 1 .
Left sided IE was more common than right sided (2,261 versus 120 patients). The most often isolated involved valve was the aortic valve (59% of all isolated valve IE). Two or more infected valves were present in 19% of the patients. Prosthetic valve IE (PVE) was present in about 28% of all cases. Aortic valve prostheses were the most commonly infected (69% of all PVE).
Concomitant cardiac surgery was done in 44% of patients-most commonly, coronary artery bypass graft surgery (CABG, 407 patients). A group of 576 patients underwent surgery of the aortic root.
T h e m o s t c o m m o n v a l v e f a i l u r e s w e r e m i t r a l insufficiency (MI) and aortic insufficiency (AI) (65% and 57%, respectively). Importantly, 48% of all aortic and 35% of all mitral valve insufficiencies were severe (grade 3 or 4). There was no significant difference in the inhospital mortality for patients with severe aortic or mitral insufficiency (5.4%, N=132 for AI and 3.4%, N=84 for MI) versus the group with no or mild insufficiency (43%, N=1,060 for AI and 35%, N=869 for MI) (P values >0.05).
The original infection focus could be identified in 51% of patients. The most common origin of IE was a dermatological focus or wound infection.
The mean length of the vegetation was 0.8 cm and 62.8% (N=1,401) of all vegetations assessed with echocardiography (N=2,230) were over 1 cm. Six patients had a vegetation larger than 3 cm. Patients with vegetations ≥1 cm had significantly more systemic embolization (P<0.001).
Septic embolization was common affect 1,081 patients (44%), the most common site of embolization was the spleen, followed by the brain. Almost one third of the patients had preoperative neurological dysfunction, which was significantly associated with brain embolization (P<0.001).
A positive blood culture was seen in 1,939 patients (79%), the most common isolated bacteria was Staphylococcus aureus. The in-hospital mortality in patients with Staphylococcus aureus was significantly higher than in the group affected by other pathogens (18.2% vs. 13.4%, P=0.004).
Discussion
Once a patient with IE is referred to our department to undergo surgery, a 12-lead electrocardiogram, complete routine laboratory tests, a Doppler of the carotid arteries, and a coronary angiography are performed as part of the standard tests ordered for every cardiac surgery patient in our institution. In IE patients, invasive diagnostic angiography is almost always done per guidelines (8) . Emergency surgery cases and the few very large (>3 cm) and mobile aortic vegetations are the only exceptions. For these cases we use a MSCT to assess the coronary status as recommended (8) .
Diagnostic and pre-operative workup is completed according to the endocarditis team, typically, with new blood cultures on admission, a transesophageal echocardiography (TOE) and a full-body MSCT. With this information, we decide the timing of surgery and the makeup of surgical team for each operation. For patients with a prosthetic valve or a device and no clear standard images, we do a positron emission tomography (PET)-CT to improve the accuracy of the diagnosis.
The complexity of endocarditis patients with multiorgan system impairment, requiring radiologic evaluation, and complex antibiotics therapies makes a multi-disciplinary team of experts the best approach to managing IE. In previous publications, this approach has demonstrated an improvement in outcomes (9) (10) (11) . Our institution's endocarditis team consists of a multidisciplinary group of cardiologists, surgeons, anesthetists, radiologists and intensivists who evaluate and treat each patient individually based on their disease.
In the present study, Staphylococcus aureus was the most common pathogen identified in the blood cultures and its presence could also be associated to a higher mortality. These findings are concordant with previous publications (12) that show that the aggressive course of the disease associated with this pathogen, typically with rapid development of complications and a direct impact on mortality.
Persisting positive blood cultures 48-72 hours after starting antibiotics indicate poor prognosis (13) . Given this, we take new blood cultures at the admission for every single patient as a standard measure, even though most patients are referred to our institution with a known pathogen in the blood cultures and an established antibiotic therapy for at least the last 3 days. E c h o c a r d i o g r a p h y p l a y s a c e n t r a l r o l e i n t h e modified Duke diagnostic criteria (14) . Transthoracic echocardiography (TTE), has a sensitivity of 70% and 50% for the diagnosis of vegetations in native and prosthetic valves, respectively. This can be improved by the use of TOE, a method with 96% and 92% sensitivity respectively (15, 16) . Thus, TOE has an important role in small vegetations and prosthetic valves.
As recommended for every patient with IE undergoing surgical therapy (17) , an intraoperative TOE is routine in our center. Local complication assessment, especially by aggressive pathogens like Staphylococcus aureus or patients with PVE (the case for one third of patients in our series) is very important in planning surgery. For example, when a local aortic root abscess is diagnosed before the operation, a root replacement can be planned. This was partially represented in the group of 576 patients who underwent aortic root replacement.
As described in previous studies (14, 18) , left sided IE with severe valve dysfunction is also a predictor of poor outcome identifiable from echocardiography. Our results show that the most common valve failures were from left sided valves (65% mitral valve insufficiency and 57% aortic valve insufficiency). In this context, it is especially important to note that 48% of all aortic and 35% of all mitral insufficiencies were severe (grade 3 or 4). Despite these findings, the statistical analysis failed to show significant differences in the in-hospital mortality of the group with severe aortic or mitral insufficiency versus the group with no or mild insufficiency (P>0.05). This may be because of the small number of patients in the subgroups.
Determination of LVEF using echocardiography is important for prognosis (15, 16) . The mean LVEF was 55% and in one third of all patients it was <50%. Nine percent (N=221) of patients had a LVEF <30%. This was associated with higher in-hospital mortality (P<0.001).
As described above, an important factor in the risk of embolization and in the indication for surgery is the length of the vegetations (13, 19) . In this study, the mean length of vegetations in our sample was 0.8 cm. 63% of all vegetations examined by echocardiography were over 1 cm and only 6 patients had a vegetation larger than 3 cm. Patients with vegetations of ≥1 cm had a significantly greater rate of embolization (P<0.001)-this result was in keeping with other published data (17) (Figure 1) .
The preoperative complete body MSCT is also a fundamental part of our standard diagnostic methods. It is useful in describing the anatomy and detecting local complications like abscesses, pseudo aneurysms and fistulae (20) , which are very important factors to consider when deciding on the best surgical strategy (Figure 2,3) . Abscesses and infarcts of target organs, such as the spleen and the brain, can also be assessed in the MSCT images. In the case of a relevant septic embolism in the spleen, a splenectomy is performed subsequently by our abdominal surgeons during a separate surgery. This reinforces the important concept of multidisciplinary team management for these patients (Figure 4) .
We determined that the septic embolism rate in our patients was 44% (N=1,081) of the whole group and the most common sites were the spleen and the brain, which was also consistent with previous studies (21) . If the patient presents a septic embolism in the brain, the MSCT helps detect any important hemorrhagic transformation, which would delay the time of the surgery as recommended (22, 23) . In this study, almost one third of the patients 
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had preoperative neurological dysfunction, which was significantly associated with brain embolization (P<0.001) ( Figure 5) . The long study period with a sample of 2,458 patients could be seen as an advantage, however, recent changes such as the creation of an endocarditis team, improvement of diagnostic tests, and surgical experience, the presented results could have significant variations among the patients who had their surgery at the beginning and at the end of the analyzed period, which is an indication for future studies in our institution.
This study is also retrospective which means there is a risk of confounding and bias is more likely to be present when compared to prospective studies.
As a single center experience, it is difficult to reproduce the results of our study given procedural and management differences which are often unique to each centre. Multicentre, prospective studies are indicated to validate results with regards to management of IE.
Conclusions
Echocardiography is the most important diagnostic tool used for our patients with IE given the valuable diagnostic and prognostic information it provides. Preoperative CT contributes to the entire decision-making process, before, during and after surgery. Blood cultures are mandatory in choosing and adjusting the antibiotic therapy. Coronary angiography can be safely done in most cases despite vegetations on the aortic valve. We use PET CT only in suspected prosthesis or device-related IE and only in addition to our standard diagnostic tools when these are not congruent with the clinical picture. A multidisciplinary evaluation and management by an endocarditis team is mandatory for these complex patients.
